databases together with reference lists from included studies.
Introduction
Caesarean section (CS) is the most common abdominal operation performed worldwide. 1 The World Health Organization (WHO) estimated that approximately 653 000 operations were unnecessarily performed in the USA in 2008. 2 From 1996 to 2007, the CS rates increased in the USA 3 and thereafter have declined. 4 As with every other surgical procedure, it is sometimes accompanied by surgical complications.
Wound complications are encountered in approximately 5% of women that undergo CS and include haematomas, seromas and infection. 5 All of these may lead to wound dehiscence. Obesity seems to have a direct effect on wound complication rates. 6 Specifically, Vermillion et al. 7 have shown that when the thickness of the subcutaneous tissue is > 3 cm the relative risk of developing wound infection reaches 2.8. Recently, Yamasato et al. 8 . suggested that the rates of wound dehiscence tend to increase as the body mass index (BMI) increases. Two decades ago, Walters et al. 9 showed that the mean time of wound healing for a disrupted abdominal incision is 15 days, when the surgical debridement and drainage is successful, 67 days when the process is not successful and 23 days when the wound is re-sutured. Given the high numbers of CS performed worldwide, any preventive measures that could potentially help to reduce the incidence of wound complications would have a significant impact on national economic health plans.
In 2004, Anderson and Gates 10 performed the latest meta-analysis concerning the impact of subcutaneous tissue closure on wound complication rates following CS. The authors included seven randomised controlled trials (RCTs) that involved 2056 women and concluded that the risk of wound haematoma, seroma or any complication was reduced when subcutaneous tissue closure was undertaken. 10 Since then, however, several trials have been published in the field and an update of current evidence is required to reach firm conclusions.
The purpose of the present systematic review is to summarise the available data in the field and possibly provide guidance for current clinical practice.
Methods

Study design
We used the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines to design the present systematic review.
11 Eligibility criteria were predetermined by the authors. Specifically, we chose to avoid language or date restrictions during the literature search. We selected all RCTs and quasi-RCTs that reported outcomes of wound complications following subcutaneous tissue closure and controls (women that did not receive any type of preventive surgical strategy). All studies that reported outcomes in this field, regardless of the type of needle, type of suture, closure technique, type of incision (vertical or transverse), type of procedure (elective or urgent) and BMI were considered as eligible for inclusion. Clinical studies comparing subcutaneous tissue closure with subcutaneous drain or any other preventive strategy were excluded from the present systematic review. Case reports and review articles were excluded from tabulation and analysis of results. Animal studies were also excluded.
The study selection took place in three consecutive stages. The titles and/or abstracts of all electronic articles were screened to assess their eligibility. All the articles that met or were presumed to meet the criteria were retrieved as full texts. Two authors (VP and AP) tabulated the selected indices in structured forms. Any discrepancies in the methodology, retrieval of articles, and statistical analysis were resolved by consensus.
Literature search and data collection 
Quality assessment
The methodological quality of included RCTs and quasiRCTs was evaluated with the modified Jadad scale using the following criteria: description of the studies as randomised along with details of randomisation, description of the studies as double blind, details of double-blinding procedure, information on withdrawals, and allocation concealment ( Figure 2 ). 12 
Statistical analysis
Statistical meta-analysis was performed with the REVMAN 5.3 software (Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2011). Confidence intervals (CI) were set at 95%. We aimed to choose between the random effects model (REM) and the fixed effects model (FEM) based on the results of the I 2 test. However, as a result of the significant heterogeneity in the methodological characteristics of included studies, pooled odds ratios (OR) and 95% confidence intervals for all primary and secondary outcomes were calculated, using the DerSimonian-Laird REM (Table 1) . 13 For the same reason, publication bias was not tested because of the small number of studies and their gross heterogeneity (significant confounders that may influence the methodological integrity of these tests). 14 
Subgroup analysis
We aimed to perform subgroup analysis according to the BMI of enrolled patients. However, this was not possible due to the limited amount of available data.
Sensitivity analysis
All analyses were also performed with the fixed effects model. Results were reported only when they significantly changed the odds of developing a wound complication.
Furthermore, we conducted sensitivity analyses by omitting one study at a time and by selecting only RCTs in the field (so excluding quasi-RCTs). This way, we evaluated whether selected studies significantly influenced the outcomes of the meta-analysis. Subcutaneous tissue depth has been previously linked to wound complications. In this context we chose to also perform sensitivity analysis of reported outcomes among cases with a tissue depth of >2 cm.
We also aimed to perform sensitivity analyses according to the type of needle, type of suture, closure technique, type of incision (vertical or transverse) and type of procedure (elective or urgent); however, lack of stratification of participants according to these variables precluded such analysis.
Definitions
The selected wound complication in the present metaanalysis included wound dehiscence, formation of seroma, haematoma, wound infection and aggregated wound disruption (all or most of the aforementioned complications). The latter index was extracted from the studies included and when data were missing they were constructed by aggregating the aforementioned parameters.
Results
Excluded studies
One study was excluded from the present systematic review because it did not report the outcomes of interest. 15 Another study was excluded because it compared antibacterial vicryl to standard vicryl for subcutaneous tissue reapproximation in obese women. 16 A third study was excluded because it compared subcutaneous closure with closure and drain. 17 A fourth study investigated the impact of the type of needle (blunt versus sharp) on wound complications. 18 Another study was excluded because it was not relevant to the field 19 and the final study was not relevant to the field because it compared different types of suture materials for subcuticular skin closure. 19 
Ongoing studies
One study is still ongoing in the field. The last update in Clinicaltrials.gov was provided in March 2016; however, it still has not recruited participants. 20 The primary outcome of this study is surgical site infection and the secondary outcomes include wound seroma, postoperative pain at 24 hours, postoperative fever and cosmetic outcome.
Included studies
Ten studies were finally included in our meta-analysis, which involved 3696 women delivered by CS. [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] Of them, 1849 underwent subcutaneous tissue closure through running or interrupted sutures, whereas in the remaining 1847 women the subcutaneous tissue was not closed. Corbacioglu et al. 21 presented their outcomes according to two separated follow-up examination intervals, evaluating the women in the first and fourth postoperative weeks [Esmer (1) and Esmer (2)]. One study was identified as a quasi-RCT because researchers randomised women based on an alternating-month basis. 29 Two more studies did not report the randomisation method. 26, 27 We constructed two structured forms, which briefly present the methodological characteristics of included studies (Table 1 ) and the characteristics of enrolled women (Table 2 ).
Outcomes
Our meta-analysis showed that re-approximation of the subcutaneous tissue significantly reduced the odds of developing any type of wound complication (3811 women, REM, OR 0.66, 95% CI 0.47-0.93; Figure 3 ). The incidence of seroma was also limited (1979 women, REM, OR 0.53, 95% CI 0.33-0.84, see Figure S1 ). On the other hand, the incidence of haematoma remained unaffected by subcutaneous closure (1663 women, REM, OR 0.74, 95% CI 0.22-2.42, see Figure S2 ).
Given the fact that sutures are foreign material, we investigated their impact on developing an infection. According to the results of the present meta-analysis there seem to be no difference between the two groups in terms of wound infection (1971 women, REM, OR 0.99, 95% CI 0.70-1.41, see Figure S3 ).
Sensitivity analysis
The transition from the fixed effects model to the random effects model did not influence the statistical significance of the primary analysis. Moreover, the outcomes were not changed in the case of individual study exclusion. Furthermore, when we excluded the quasi-RCTs from the present analysis we observed that the significant effect of wound closure on aggregated wound disruption was not affected (1979 women, REM, OR 0.53, 95% CI 0.33-0.84, outcomes from eight studies 21, 22, [24] [25] [26] [27] [28] 30 ).The remaining indices were not analysed in the included quasi-RCTs; hence no sensitivity analysis was needed.
Finally, the re-assessment of all indices by analysing only studies that reported outcome on women with a tissue thickness of >2 cm revealed significantly improved outcomes in the case of aggregated wound disruption (297 women, REM, OR 0.47, 95% CI 0.26-0.85, outcomes from two studies 26, 28 ), similar results in the case of wound infection (52 women, REM, OR 2.08, 95% CI 0.18-24.51, outcomes from one study 26 ) and statistically improved results in the case of wound seroma (297 women, REM, OR 0.31, 95% CI 0.13-0.73, outcomes from two studies 26, 28 ). There were no cases with reported wound haematoma.
Discussion
Main findings
Elective CS has gained significant ground in the field of obstetrics in recent years. Despite the fact that efforts have been made to reduce its prevalence, it stills remain the most common elective abdominal operation; hence, even minimal complications, such as wound disruption, pose a significant burden for healthcare systems. In this context, efforts should aim to reduce the impact of wound complications. A recent meta-analysis on ten RCTs found that the implementation of wound drainage does not benefit women 31 . The findings of our meta-analysis indicate a promising beneficial effect of subcutaneous tissue closure following CS as they show that the incidence of wound complications is significantly reduced after implementing this technique in the general population. This effect is,however, mainly influenced by the significant reduction in the incidence of wound seroma, as neither wound hematoma nor wound infection seem to be affected by the introduction of subcutaneous suturing.
More than 10 years ago, two meta-analyses were published on this subject. 10, 32 The first one in 2004 by Anderson and Gates 10 included seven studies with 2056 women. However, one of the studies included did not have a control group (204 women were stratified in two groups according to the needle of the suture (blunt versus sharp). 18 The second meta-analysis by Chelmow et al.
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Figure 3. Any type of wound complications. The overall effect was statistically significant and favoured subcutaneous tissue closure (P = 0.02).
included only five studies that included 887 women. Taking these in mind, our meta-analysis enhances current knowledge by increasing the number of enrolled parturients by at least 80%. Sutures have been previously linked with wound infections, as they are foreign materials that can be easily colonised by bacteria. Modern sutures contain anti-bacterial barriers that prevent their colonisation; so, limiting the risk of infection and/or abscess formation. 33 In the present metaanalysis, we did not find increased incidence of surgical site infection in women with subcutaneous tissue closure. However, this observation is partly limited by the fact that each study used different types of sutures (Table 1) . On the other hand, this heterogeneity provides information that represents a pragmatic approach of current clinical practice as the type of suture is mainly determined by the individual surgeon or hospital practice.
Several other factors may also influence wound complications including closure technique (multilayer or single layer), type of incision (vertical or transverse), type of procedure (elective or urgent) and BMI. However, none of the included studies investigated the impact of these parameters specifically on wound complications.
We also aimed to evaluate the effect of subcutaneous tissue closure in obese women that undergo CS. Obesity has been linked to surgical wound complications following a CS. 34 Unfortunately, to date, only two studies investigated the impact of subcutaneous tissue closure in obese women, comparing them with controls (women with no closure); 26, 28 hence, current data in the field remain extremely limited to draw definitive conclusions.
Strengths and limitations of our study
The findings of our study are based on a meticulous review of the literature. No language or date restriction were applied, therefore, the possibility of potential article losses is small. We included all RCTs and quasi-RCTs in the field, so partly reducing the risk of selection bias.
On the other hand, certain factors seem to limit our findings. First, the available evidence is drawn from moderate quality studies (Figure 2) . Second, the heterogeneity of included studies in terms of study and patient characteristics (Tables 1 and 2 ) partially limits the findings of our meta-analysis. Furthermore, power analysis was not available in several studies, while one study provided a power calculation which was based on an aesthetic scar assessment scale, rather than wound complications. 22 
Interpretation
Based on the results of the present meta-analysis we believe that subcutaneous tissue closure should be practiced in women undergoing CS, as the technique results in reduced wound complications. Unfortunately, current evidence in obese women is very limited to draw any conclusions for this very important group of patients. In this context we strongly believe that future RCTs should be focused in this particular population of women to investigate whether subcutaneous re-approximation offers any advantage or, alternatively, results in increased complications.
Conclusion
Subcutaneous tissue closure following CS results in decreased wound complications and this should be taken into consideration in current clinical practice. The available data are limited, however, in obese women; hence further studies are needed for this specific group.
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